It is well established that among certain groups of microorganisms the presence of a capsule is essential for virulence; these studies are largely limited to all-or-none effects, i. e. the presence or absence of capsule. Among a few species, e. g. Diplococcus pneumoniae, some quantitative studies have been made which indicate that there is a relationship between size of capsule and degree of pathogenicity (Shaffer et al., 1936; Rich and McKee, 1936; MacLeod and Kraus, 1950) . In an attempt to extend to organisms other than the pneumococcus the quantitative studies of the relationship of capsule size to pathogenicity, 4 strains of Klebsiella pneumoniae type 2 were investigated. While it was found that to some extent the pathogenicity for mice was influenced by capsule size, the rate of capsule production also proved to be a determining factor.
MATERIALS AND METHODS
The parent strain, P, was from the stock collection of the Department of Microbiology. Strain 4 and 13 were mutants of P obtained by ultraviolet irradiation followed by penicillin treatment (Lederberg and Zinder, 1948;  Davis, 1948) and had additional growth requirements for leucine and methionine, respectively. Strain 15 was obtained accidentally from P when on one occasion the stock solution used for the preparation of the agar medium was inadvertently not diluted and hence nutrient salts were 10 times the usual final strength; it possessed no special growth requirements.
The media employed for growth were heart infusion agar or broth (Difco) or a synthetic medium (Witkin et al., 1952) .
The mice, originally of the CF1 strain, had been inbred and maintained at Tulane University; they usually weighed [20] [21] [22] [23] [24] [25] follows: broth cultures grown overnight were centrifuged, washed 3 times with saline and so diluted that the inoculating dose was contained in 0.3 ml. The approximate number of viable organisms in the inoculum was estimated by measuring the turbidity of the whole broth culture; the actual number of viable cells was determined by spread plate counts. All surviving mice were observed for 7-9 days before an experiment was terminated. In those groups in which the majority succumbed, a number of animals either recently dead or moribund were necropsied and a heart blood culture prepared. In every instance it was found that the blood contained large numbers of Klebsiella, which were shown to be of the original type by capsular swelling; in addition, the nutritional requirements were tested to insure that during reproduction in the mouse no back mutation had occurred in those strains that had special growth requirements.
Phagocytosis experiments were performed by the method of Davies (1951) , using whole fresh mouse blood extracted by cardiac puncture or fresh human blood from a venepuncture.
The production of type-specific polysaccharide was studied by determining (a) the volume of packed cells as a measure of relative capsule size and (b) the quantity of type-specific polysaccharide present in soluble form in a centrifuged supernatant. (Heidelberger and McPherson, 1943) using an antiserum that had been calibrated with purified type-specific substance as previously described (Baer et al., 1954) . All * Seven of these animals were injected with organisms suspended in 0.3 ml of heart infusion broth, rather than in saline as usual.
t Strain 15M was isolated from the blood of a mouse that had succumbed to an inoculum of 1,500,000 organisms of strain 15. 3 strains since it did not produce fatal infection even when the dose was increased a hundredfold. With an inoculum of 1,500,000 organisms death usually ensued, but with such a large dose it is difficult to know whether the fatal outcome was the result of infection, toxicity, or more likely, a combination of these and other factors. It is well known that gram negative rods possess toxic somatic antigens; the Klebsiella type 2 polysaccharide is also known to be toxic (Baer et al., 1954) viable and total microscopic counts at 3 and 24 hr of growth; when it was found that these did not differ significantly, viable counts were thereafter employed and are given in table 2. In addition, the ratio of turbidity to viable count was constant from 3 to 24 hr, confirming the fact that most of the organisms in the culture were viable during this period. No calculations were made using the viable counts obtained at 96 hr since the ratio of turbidity to viable count was found to rise indicating that a considerable number of organisms were no longer viable.
From table 2 it will be seen that the ratio of viable count to volume of packed cells is smallest for the parent strain at all times, indicating that this strain has the largest capsule and that it is well retained on the surface of the cell for at least 24 hr. Strain 4 and 13 show ratios about 3 times greater than the parent strain at 3 and 6 hr and about double the ratio of the parent strain at 24 hr; these organisms therefore produce a capsule considerably smaller than that of the parent strain. The actual values for the ratios for the parent and for mutant strains 4 and 13 show very little change with time, from which it would appear that the capsule size remains constant throughout the time interval studied.
Strain 15, the relatively non-infectious strain, presented a somewhat different picture. The ratio of viable count to volume was more than 6 times larger than the parent strain at 3 hr and about 2 times greater than strains 4 and 13. Unlike the other 3 strains, the ratio gradually diminished until at 24 hr it was only slightly greater than strains 4 and 13 and about 3 times larger than the parent strain. The 11,000 15,000 § * The figures in the tables represent the average values for 2 or 3 experiments for the 3-and 24-hr growth periods and 1 experiment for the 6-and 96-hr intervals.
t Volume of packed bacterial cells; ml in all instances refers to whole broth culture.
$ SSS refers to the type-specific capsular polysaccharide.
§ Calculations not made because turbidity to viable count studies revealed that there were large numbers of dead organisms at this time interval.
this time interval it produced as much as strains 4 and 13.
Another aspect of the problem examined was whether the capsular polysaccharide produced by strain 14 was antigenically different from that produced by the other 3 strains. All strains showed capsular swelling and the supernatant of broth cultures gave positive interfacial ring tests with the same antiserum. It thus appeared that if any differences existed between the polysaccharides of the 4 strains it was not very great.
A more critical test is one which would determine 
DISCUSSION
Variation in pathogenicity with variation in capsule size has been the subject for quantitative study mainly among the pneumococci. For example, MacLeod and Krauss (1950) showed that non-virulent, or slightly virulent strains of pneumococei produced much less type-specific capsular substance than the fully virulent strains. Shaffer et al. (1936) and Rich and McKee (1936) found that Since strains 4 and 13 have special nutritional requirements for leucine and methionine it is noteworthy that their pathogenicity does not differ significantly from the parent strain. This confirms the work of Garber et al. (1952) using Klebsiella and Bacon et al. (1950) using Bacterium typhosum.
SUMMARY
Four strains of Klebsiella pneumoniae type 2 were examined with respect to mouse virulence following intraperitoneal inoculation.
A study of relative capsule size revealed that the parent strain had the largest capsule while 2 pathogenic mutants had capsules about half as large. The non-pathogenic strain had the smallest capsule but in broth culture the size of its capsule increased with time so that at 24 hr it was almost as large as that of the pathogenic mutants.
